2005). One of the interesting aspects of snake venoms in cancer treatment studies is the well-43 known ability of isolated toxin components to interact with membranes and thus to inhibit the 44 general cell migration and proliferation (Kitchens and Eskin, 2008; Vyas et al., 2013) . Snake 45 venoms as valuable secretions are composed in general of manifold proteins and peptides with 46 remarkable biological activities (Aird, 2005; Devi, 2013; Fry, 2015; Mackessy, 2010; Vyas et al., 47 In this study, crude venom samples from these two viper species were tested on a panel of eight 98 cancerous cell lines together with one non-cancerous cell line. Further, we identified venom 99 fractions via bottom-up and intact mass profiling in order to investigate the potentially active 100 peptides as well as to determine the venomic composition. 101 102 cleavage of MTT that forms formazan crystals by cellular succinate-dehydrogenases in viable 135 cells. Insoluble formazan crystals were dissolved by the addition of DMSO. In order to perform 136 the cytotoxicity assay, all cell lines were cultivated for 24 h in 96-well microtiter plates with an 137 initial concentration of 1x10 5 cells/mL. Afterwards, the cultured cells were treated with different 138 concentrations of crude venom or fractions and incubated for 48 h at 37 ºC. The optical density 139 (OD) was measured in triplicates at =570 nm (with a reference wavelength =690 nm) by UV/Vis 140 spectrophotometry (Thermo, Bremen, Germany). Percentages of surviving cells in each culture 141 were determined after incubation with venom. The viability (%) was determined by the following 142 formula with an absorbance A: The half maximal inhibition of growth (IC50) values were calculated by fitting the data to a 147 sigmoidal curve and using a four-parameter logistic model and presented as an average of three 148 independent measurements. The IC50 values were reported at 95% confidence interval. 149
Calculations were performed via Prism 5 software (GraphPad5, San Diego, CA, USA). The values 150 of the blank wells were subtracted from each well of treated and control cells and IC50 were 151 calculated in comparison to untreated controls. 152
Morphological studies 153
The morphological changes of the cells were observed via an inverted microscope (Olympus, 154 Tokyo, Japan). All groups treated with different dosages were compared to the control group 155 following 48 h treatment. 156 2.6 Statistics the calculation of IC50 values Prism 5 software (GraphPad5, San Diego, CA, USA) was used to analyze variance (standard deviation calculation). 160 2.7 Intact mass profiling (IMP)
161
Crude venom was dissolved to a final concentration of 10 mg/mL in 5 µL aqueous formic acid 162 (HFo, 1% v/v) and centrifuged at 20,000 xg for 5 min to sediment the cell debris. The supernatant 163 was diluted with 25 µL citrate buffer (0.1 M, pH 4.3) and submitted to an intact mass profiling: 164 HPLC-high-resolution (HR) ESI-MS/MS measurements were performed on a LTQ Orbitrap XL 165 mass spectrometer (Thermo, Bremen, Germany) coupled to an Agilent 1260 HPLC system 166 (Agilent, Waldbronn, Germany) using a Supelco Discovery 300 Å C18 (2 x 150 mm, 3 µm particle 167 size) column. The elution was performed by a gradient of ultra-pure water with 0.1% HFo (v/v; 168 buffer A) and ACN with 0.1% HFo (v/v; buffer B) at a flow rate of 1 mL/min. An isocratic 169 equilibration (5% B) for 5 min was followed by a linear gradient of 5-40% B for 95 min, 40-70% 170 B for 20 min, 70% B for 10 min and a re-equilibration with 5% B for 10 min. 171 ESI settings were: 11 L/min sheath gas, 35 L/min auxiliary gas, spray voltage 4.8 kV, capillary 172 voltage 63 V, tube lens voltage 135 V, and capillary temperature 330 °C. The data-dependent 173 acquisition (DDA) mode was used for MS/MS experiments with 1 μ scans and 1000 ms maximal 174 fill time. The precursor ions were selected with a range of ±2 m/z and after two repeats within 10 s 175 excluded with ±3 m/z for duration of 20 s. Three scan events were performed with a normalized 176 CID energy of 30% and a HCD with 35% collision energy. 177
For the IMP, the MS1 spectra were inspected via the Xcalibur Qual Browser (Thermo Xcalibur 178 2.2 SP1.48) and the peak assignment was performed regarding the BU annotation, based on the 179 use of analog columns. Deconvoluted isotopically resolved MS/MS spectra were generated by 180 using the XTRACT algorithm of the Xcalibur Qual Browser. The protein assignment was done by 181 comparison to the retention time of the HPLC runs. The mass comparison was performed 182 manually. 183
Bottom-up (BU) venomics
184 Crude venom (4 mg, lyophilized) was dissolved to a final concentration of 20 mg/mL in aqueous 185 3% (v/v) ACN with 1% (v/v) HFo, centrifuged at 20,000 xg for 5 min and the supernatant was 186 loaded onto a semi-preparative reversed-phase HPLC with a Supelco Discovery BIO wide Pore equilibration (5% B) for 5 min was followed by the toxin elution with a linear gradient of 5-40% 191 B for 95 min, 40-70% B for 20 min and 70% B for 10 min. 192 A DAD detector was used for absorbance measurements at λ=214 nm and fractions (1 mL) were 193 automatically collected. Peaks of the chromatograms were manually pooled, vacuum dried 194 (Thermo Speedvac, Bremen, Germany) and fractions were submitted to SDS-PAGE under 195 reducing conditions (Laemmli, 1970) The 48h venom treatment shows for both vipers the most potent activity on the SHSY5Y cell line, 244
with IC50 values of 0.12 µg/mL and 0.25 µg/mL, respectively (see Table 1 ). The venom of 245 C. cerastes has higher activity levels on HeLa, CaCo-2, 253-JBV, U87MG, MDA-MB-231 and 246 HEK-293 cell lines, whereas it showed only a moderate level of potency on A-549 and MCF-7 247 cell lines (see Table 1 ). However, the crude venom of C. purpureomaculatus showed considerable 248 potential activity on U87MG, MDA-MB-231, HeLa, CaCo-2, A-549 and HEK-293 cell lines, with 249 no relevant potency on the MCF-7 cell line with >50 µg/mL (see Table 1 ). In comparison, the 250 concentration-dependent cytotoxicity shows lower IC50 values for C. cerastes in contrast to 251 C. purpureomaculatus (see Table 2 ). 252 Further, in-depth studies were performed with single purified venom fractions obtained from the 253 crude venoms. The bioactivity of C. cerastes and C. purpureomaculatus venom fractions were 254 screened against the SHSY5Y cell line, which shows the highest activity for both in the initial 255 cytotoxicity screening (see Figure 3 ). Among the tested fractions (F) of C. cerastes, F8 256 (disintegrin), F9 (disintegrin) and F10 (predicted disintegrin) were detected as most active against 257 SHSY5Y cells with IC50 values of 0.6 µM, 0.4 µM and 0.1 µM, respectively (see Figure 3 , 258 Table 2 ). The cytotoxicity assays correlate with the morphological study as F10 had the lowest 259 IC50 value with dislodged cells upon treatment (see Figure 4 ). 260
C. purpureomaculatus venom fractions demonstrated lower cytotoxicity when compared to 261
C. cerastes venom fractions on the tested cell line (see Figure 4 ). In comparison, among the tested 262 fractions of C. purpureomaculatus, F1 (peptide), F10 (~1.5 kDa peptide), F11 (~1.7 kDa peptide) 263 and F15 (PLA2) were the most active fractions with cytotoxic effects against SHSY5Y cells with
Venom proteome 266
The venom proteomes of both vipers were analyzed by a tryptic bottom-up approach with previous 267 two-dimensional fractionation through HPLC and SDS as well as an IMP, and revealed distinctive 268 differences in their protein and peptide composition (see Figure 5 , SI- Figure S1 , S2). The detailed 269 annotation and molecular masses of venom components are shown (see SI- Table S1 , S2). 270
The Egypt C. cerastes venom composition is dominated by ~25% of thrombin-like enzymes from 271 the svSP family and a diversity of svMPs (~23%) (see Figure 5A ). Furthermore, only three other 272 protein families were identified: 16% PLA2, 9% CTL, and 8% DI. The DIs could be identified in 273 fraction F8 (0.9%) and F9 (6.9%), which includes the prevalent average mass of 14,156 Da and 274 comparable to the theoretical average mass of a known C. cerastes disintegrin heterodimer 275 CC8A+CC8B (NCBI accession no. P83043, P83044) of 14,154 Da with reduced Cys (Calvete et 276 al., 2002) . PLA2s were only identified in a single peak (F12) and form with an average mass of 277 13,726 Da nearly 16% of the whole venom. The rate of non-annotated proteins (10%) is relatively 278 high, but is mainly based on F10 (~2%) and F27 (~7%), that includes no detectable proteins in the 279 SDS-PAGE (see SI- Figure S1 ). In comparison to closely related fractions and the IMP, it can be 280 assumed that F10 (14,528 Da) is another disintegrin dimer and F27 (24,104 Da) is formed by 281 svMPs, respectively to F9 and F26. 282
The second analyzed venom originates from a Thai C. purpureomaculatus and the venomic 283 composition is shown (see Figure 5B ). The most abundant protein family is represented by 33% 284 PLA2, with the two main toxins in F15 (17%) and F16 (9%). The masses were identified by IMP 285 with 13,484 Da and 13,898 Da, respectively. Next, 32% svMP is followed as the second most 286 abundant family and svSP (5%), cysteine rich secretory proteins (CRISP, 4%) as well as CTL (2%) 287 as minor groups. The only CRISP containing fraction (F22), was identified through a high 288 fragment coverage against the N-terminus of the C. purpureomaculatus CRISP tripurin (NCBI 289 accession no. P81995), which sequence is only described by 33 amino acids (Zainal Abidin et In total, seven isolated venom fractions of both vipers were identified as most cytotoxic against 297 SHSY5Y cells, with remarkable IC50 differences between the species (see Table 2 ). In 298 combination with the BU approach, the IMP shows that the active C. cerastes venom fractions F8-299 10 includes four specimens of dimeric DI as mentioned before like the CC8A+CC8B heterodimer. 300
All masses are in the range of 14 kDa (see Figure 8A -C). 301
The venom fractions of C. purpureomaculatus are less active and more divers in the corresponding 302 families. The four fractions F1, F10, F11 and F15 are formed by several peptides and one PLA2 303 (see Table 2 ). The fractions F10 and F11 contain as main part related peptides of bradykinin-304 potentiating peptides (BPP-RP), which were de novo identified by MS2 measurements as the 305 13mer pEPPHWPPPHHIPP and the 16mer PPPPPPPWSPPHHIPP (see Figure 7F C. cerastes were lower in contrast to C. purpureomaculatus (see Table 2 ). 338 for their activities on integrins, critical cell surface receptors for cell adhesion, migration, and de-Araujo et al., 2010). SHSY5Y is known for its high metastatic potential achieved by 1-integrin 347 and the effect of snake venom disintegrins could be responsible from the morphological change 348 mentioned in Figure 4 Table 2 ). These results demonstrated interesting outcomes 359 with regard to pharmacological aspects as well as future studies on anticancer agents. Both showed svMPs as most abundant family (37-56%) and were strongly divergent in their CTL 366 content (2-24%). In analogy are the svSPs with 9-13% only less represented, compared to 25% in 367 the venom proteome of here presented Egyptian C. cerastes. Therefore, the Moroccan specimen 368 remains the only population with observed venomic CRISP proteins (Fahmi et al., 2012) . This 369 underlines the variety of the venom compositions within a single species, which is often be 370 A variety of cytotoxicity studies demonstrates that snake venoms are a promising natural source 400 with an enormous potential in terms of cancer treatment. However, our results show obstacles for 401 being used as a therapeutic. Some of these are the toxicity against healthy cells like the HEK-293, 402 defining the exact administration dose as well as the limited access (Vyas et al., 2013) . These 403 problems could be overcome with alternative approaches for example targeted delivery systems, 404 identification and modification of active components from venoms and heterologous production 405 of active components. Furthermore, we analyzed and quantified both venoms by comprehensive 406 snake venomics. This study provides data for future studies in assessing the potential of viper 407 venoms in anti-cancer studies as the highly active fractions were found especially in the C. cerastes 408 venom. 409
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